The growth of the coronary artery and the myocardial capillarization in hypertrophied hearts were quantitatively evaluated in reference to myocardial volume. In concentric hypertrophy the mean blood flow per unit volume of the heart muscle estimated by the anatomical radii of the three major branches of coro nary arteries was practically the same as that in the normal heart. A harmonious growth of the coronary artery with increasing myocardial volume was accordingly concluded.
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The growth of the coronary artery and the myocardial capillarization in hypertrophied hearts were quantitatively evaluated in reference to myocardial volume. In concentric hypertrophy the mean blood flow per unit volume of the heart muscle estimated by the anatomical radii of the three major branches of coro nary arteries was practically the same as that in the normal heart. A harmonious growth of the coronary artery with increasing myocardial volume was accordingly concluded.
The often asserted view that hypertrophied hearts are subject to coronary insufficiency on account of undergrowth of coronary arteries inherent to cardiac hypertrophy was not supported.
The total capillary length was found increased in hypertrophied hearts in parallel with the increase of the total surface area of the muscle fibers. However, the capillary length per unit volume of the heart muscle was reduced in hypertrophied hearts.
Histometrical treatments revealed that the configuration of individual heart muscle fibers in concentric hypertrophy was geometrically similar to that in the normal heart.
The behavior of the muscle fiber was essentially the same in dilata tory hypertrophy too, although the growth in length predominated over that in breadth in a small number of cases. A growth in breadth of the muscle fibers not accompanied by one in length did not take place even in concentric hypertrophy. The difference of concentric and dilatatory hypertrophies was sought consequently in different structural arrangement and not in the shape of heart muscle fibers in the myocardial layer. Q=qrn, where Q is the mean blood flow of an arterial branch and r the radius of the branch , q and n being constants. The values of n were practically the same throughout the examined arterial systems and approximately equal to 2 .7. The result indicated that the mean blood flow of an arterial branch was proportional to the 2 .7th power of the radius irrespective of organ difference . This enables us to evaluate on a well -founded anatomical basis whether the growth of the coronary artery in cardiac hypertrophy is sufficient to ensure the same blood flow per unit volume of the heart muscle as in the normal heart. Accordingly , an attempt is made in the present study to correlate histometrically determined radii of the three major branches of the coronary artery to the quantity of the heart muscle of individual a utopsied hearts.
The coronary arteries in hypertrophied hearts are very freq uently involved i n arteriosclerotic lesions, which may cause coronary insufficiency . However, the circulatory disturbance due to arteriosclerotic or other m echanical obstruction of coronary arteries is a problem entirely different from that di scussed in the present study and requires a separate treatment . It seems necessary in this connection to emphasize that the present investigation is restricted t o the problem, whether there is a structural disharmony inherent to cardiac h ypertrophy and inevitably l eading to coronary insufficiency .
Apart from the problem of myocardial blood supply the behavior of the heart muscle fibers is important in a proper understanding of the structure and function of hypertrophied hearts. The conclusion of Linzbach that heart muscle fibers are increased in number when the heart exceeds a critical weight of 500g was obtained without distinction of concentric and dilatatory hypertrophies. It seems, however, more reasonable to treat the two types of cardiac hypertrophy separately, because the different configuration of the heart may be due to different behavior of individual muscle fibers. Further it would be better to re-examine his conclusion which is entirely based on the measurement of the papillary muscle with the result from other myocardial layers, since it is not known whether hypertrophy of muscle fibers is uniform in all the parts of the left ventricle. The major difficulty in the histometrical treatment on an arbitrarily selected myocardial zone consists in considerable divergence in the direction of individual muscle fibers. This would cause a serious error in the determination of sectional area of the muscle fiber or the number of sections of muscle fibers on a unit surface area. However, the errors of this origin can be minimized by the pertinent histometrical method introduced by Chalkley et al.8
MATERIALS AND METHODS
The hearts of 94 autopsy cases of both sexes from 2 months of life to 75 years of age were submitted to examination. They included normal and hypertrophied hearts of various origins as will be described later. Cases of distinct malnutrition or cachexia were not included in the examined cases. Nor were those of extensive myocardial infarction or scar formation used in the present study. The heart of each case was weighed at autopsy and a histological tissue specimen covering the entire myocardial layer was taken out of the anterior wall of the left ventricle including the papillary muscle of the anterior mitral valve. The histological tissue specimen was fixed in Zenker-formalin or in 10% formalin and embedded in paraffin. Histological sections of about 5,a in thickness were stained with Goldner's trichrome and submitted to histological and histometrical examinations.
After the histological specimens were excised the heart was fixed in formalin. Three major branches of the coronary artery at their proximal parts about 1cm apart from the orifice of the coronary artery at the aorta were excised. The arterial specimens were so embedded in paraffin as to ensure their exact transverse sections on histological slides. Histological sections of the arteries were stained with Goldner's trichrome combined with Weigert's stain for elastic fibers and projected on a sheet of tracing paper under an adequate magnification. The undulating section of the internal elastic membrane was exactly delineated and its total length in the cricumference of the arterial section was determined by attaching a thin thread on the depiction. As more or less advanced arteriosclerotic changes are an almost physiological process in these parts of the coronary artery even in 'normal' hearts, it was usually difficult to recognize a well-defined section of the internal elastic membrane over its entire circumference. In such cases the outermost layer of elastic fibers bordering the muscular coat was depicted.
If the total length of the cross section of the internal elastic membrane is L, the 
1) Estimation of the weight of the left ventricle from the total cardiac weight
The results are presented in Fig. 1 . On a double-logarithmic coordinate system, a distinct linear regression was confirmed between the two variables. In the range of physiological cardiac growth, the regression coefficient was practically equal to 1, thus demonstrating a geometrically similar enlargement of the organ. In the hearts with hypertrophy of the left ventricles, the regression coefficient was as a matter of course larger than 1 and was approximately equal to 1.26.
2) The growth of the coronary arteries in cardiac hypertrophy
In a previous report of ours, it was demonstrated that the mean blood flow Q of an arterial branch could be expressed by a function of its radius r in the form of:
Q=qrn, where q and n were constants.
The value of n was invariable throughout the arterial systems and was approximately 2.7. Consequently, the result can be so formulated that the mean blood flow of an arterial branch is proportional to the 2.7th power of its radius. This important relation makes it possible to predict the mean blood flow of an arterial branch from one of its anatomical parameters. The determination of the arterial radius was performed on the three major branches of the coronary artery, and the radius of a hypothetical single trunk of the coronary artery rt was estimated from:
_??_ where rt is the radii of individual major branches. The estimates of rt in normal hearts at various ages and in the hearts with hypertrophy of various grades were plotted on the ordinate against cardiac weight W on the abscissa of a double-logarithmic coordinate system. The results in Figs. In order to re-examine his conclusion a practical and reliable histometrical method is required in the determination of the 'thickness' and 'number' of the heart muscles.
In the present study a modification of Chalkley et al.'s method was employed, which will be described in Appendix 2 with necessary mathematical
considerations.
An eye-piece of the type of Fig. 4 was superposed on microscopical field of apparently exact cross sections of the heart muscle fibers. The intersection c of the horizontal line of the eye-piece with the boundaries of the heart muscle fibers and the points indicated by the vertical marks of the eye-piece which fell with in the heart muscle fibers h were consecutively counted.
The mean ratio of the surface area A of the cross section of a heart muscle fiber to its perimeter U, and accordingly that of the volume of a muscle fiber V to its surface area S is given by: The regression line is determined with normal and concentric hypertrophied hearts (solid circles), and the regression coefficient is 0.34, which is practically equal to 1/3. heart muscle fibers in the internal myocardial layer ( Table 1) . The aspect of hypertrophy of heart muscle fibers is most conveniently visu alized when the two parameters are plotted against the muscular volume of the left ventricle on a double-logarithmic coordinate system. The results are demonstrated in Figs. 7 and 8 . The abscissa stands for the muscular volume of the left ventricle and the ordinates give the estimates of the two parameters. A linear regression is confirmed when only normal and concentric hypertrophied hearts are taken into consideration. The regression coefficients calculated with the sample groups were 0.34 and 0.33 for D and Lm, respectively. The values are practically equal to 1/3 and indicate that the configuration of heart muscle fibers in concentric hypertrophy is geometrically similar to that in normal hearts.
The behavior of the heart muscle fibers in dilatatory hypertrophy was essentially the same as that in concentric hypertrophy. However, it is evident in the figures that the growth of the muscle fiber in length predominates over that in breadth in a small number of cases. On the other hand, the growth of the muscle fiber is always accompanied by that in length even in concentric hypertrophy. No evidence is afforded to the assumption that concentric hypertrophy develops on account of simple thickening of individual muscle fibers without their elonga tion. The results are presented in Fig. 9 . It is evident that the total length of the capillary increases in hypertrophied hearts with the increase of cardiac weight.
4) Estimation of the total length of myocardial capillaries

5) Myocardial capillarization
With the estimations of muscular diameter, muscular length and capillary length it is now possible to discuss the myocardial capillarization.
The total capillary length of the left ventricle was correlated to the muscle volume, the total surface area of muscle fibers and the total length of muscle fibers. The results were expressed in the ratios Lc/Wm, Lc/Sm and Lc/Lm, the denominators correspond ing to the latter three quantities respectively, and plotted on the ordinate against the muscle volume of the left ventricle on the abscissa. From Figs. 10 to 12 the principle of myocardial capillarization is evident. The length of capillaries increases in parallel with the total surface area of the muscle fibers, and the ratio Lc/Sm remains essentially constant in spite of progressive increase in the muscular volume of the left ventricle. Consequently, the total length of capillaries predominates more and more over that of muscle fibers with the increase of the diameter of muscle fibers. On the contrary, the capillary length in hypertrophied hearts with thickened muscle fibers does not increase in parallel with the muscular volume. The only possible disadvantage in myocardial capillariza tion of hypertrophied hearts is the reduction of capillary length in comparison with muscular volume. serious disturbance of coronary circulation. The only disadvantage is the possible impairment of metabolic exchange as a result of the thickening of muscle fibers. The diffusion of metabolites from the interior of the muscle fibers to their surface may require a longer period than in normal hearts. In the present situation, however, we do not know whether this is really a serious cause of disturbed cardiac activity. Histological changes suggestive of coronary insufficiency such as focal necrosis and spotty scars in the muscle layer are attributed to the major part to concomitant coronary sclerosis or other 'pathological' arterial reactions, which are in their nature not inherent to the 'growth' of the vascular system.
In pronounced dilatatory hypertrophy the growth of the coronary artery seems to be somewhat retarded behind the increase of cardiac muscular volume. Even in such cases, myocardial injuries are histologically by no means stronger than those in concentric hypertrophy, where the growth of the artery is harmonious with hypertrophy. The results of the present study make the assumption rather improbable that hypertrophied hearts are anatomically destined to coronary insufficiency.
Cardiac insufficiency in hypertrophied hearts is not necessarily an expression of coronary insufficiency. As pointed out by Linzbach,6 the efficiency of cardiac activity is deteriorated in cardiac dilatation, even when the blood supply and metabolic process of constituent muscle fibers are not affected. In dilated hearts, the load of individual muscle fibers is increased without elevation of intracardiac pressure and without increase in cardiac output. Effective contraction of cardiac muscles becomes thus impossible.
In this respect, the behavior of the heart muscle fibers in hypertrophy deserves special attention. In concentric hypertrophy and in the majority of the cases of dilatatory hypertrophy the configuration of hypertrophied heart muscle fibers is geometrically similar to that of the normal heart, in spite of the apparent difference in the form of the whole heart. The result inevitably leads to the conclusion that the difference of the two types of cardiac hypertrophy is entirely due to different arrangement of muscle fibers in the myocardial layer and not to different shape of individual muscle fibers . Consequently, concentric hypertrophy, which is often regarded as one of the simplest pathological changes , is in reality a process very difficult to understand . If the structural arrangement of the heart muscle fibers were the same , hypertrophied muscle fibers would result in an enlarged heart geometrically similar in its shape to the normal . The ventricular space would then be enlarged, and the configuration of the heart would not at all be comparable with that of actual concentric hypertrophy . The problem requires a fundamental analytical study on the structural principle of the myocardial layer , which has not hitherto attracted due attention of the pathologist . where a and b are the intercept and the regression coefficie nt respectively, and if the distribution of the measurements follows the distributio n of errors from the regression line, the line will pass the point determined b y the arithmetical means (x , y) of Xi and Yi. Accordingly , the equation (2) 
If we write the expression (3) becomes:
The solution of the equation is:
The solution gives two values of b, one for the maximum F2, the other for the minimum F2. If Sxy is positive, take positive b for the regression equation (2) 
Consequently, the ratio A/U is derived from (5) and (6) as:
In On the assumption that the closed figures on the square represent exact transverse sections of cylindrical structures, the expression (7) can be extended in its use to estimate the ratio of the volume V of the cylindrical structures to their total surface area S. Thus, we can also write: (8) In applying the expression (8) 
Now we place a sampling plane across the cube parallel to one of the faces of the cube. The direction of the sampling plane is further so selected that it is vertical to the axis of the cones made by assembled fractions. In other respects the position of the sampling plane is left perfectly undetermined. It may be situated at any L=2lC'.
If the structures are all parallel and run vertical to the sampling plane, (15) is simply: L=lC', a result comprehensible at once without an analytical treatment. On histological sections of the human hearts the count C' of the myocardial capillaries is not influenced by the orientation of muscle fibers appearing on the sec tions, and we regard the myocardial capillaries as randomized in their orientation in the space and use (15).
